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1.  Introduction 
A  softness  and  highly  compressible  peat  soil  is 
widely identified in Malaysia. The area covered by peat 
deposit is about 3.0 million hectares or 7% of the total 
area  of  Malaysia  [1].  Peat  is  highly  compressible  and 
permeable  during  the  early  stage  of  loading  [2].  The 
factors that control the compressibility characteristics of 
peat include the fibre content, natural water content, void 
ratio, initial permeability, nature and arrangement of soil 
particles, and inter-particle chemical bonding in some of 
the soils [3]. 
The construction over peat presents great challenges 
in the management of the engineering properties of peat 
that generally passes high water content (>200%), high 
compressibility (0.9 to 1.5), high organic content (>75%) 
low  shear  strength  (5-20kPa)  and  low  bearing  capacity 
(<8kN/m
2) [4], large deformation and high magnitude and 
rates  of  creep  [5].  These  unique  geotechnical 
characteristics of peat have led to many problems and the 
construction  become  challenging  in  Malaysia  [6]  [7]. 
Bearing capacity of this peat soil is very low and it is 
affected  by  the  high  water  table  and  the  presence  of 
woody debris in peat [8].  
Different  construction  methods  were  used  when 
dealing  with  peat  and  organic  soil  condition.  The 
different depth of peat provided the different methods of 
construction. For a depth less than 3 m, the removal and 
replacement  method  should  be  used.  The  depth  3m  to 
10m require  preloading stage construction  with vertical 
and sand drain, lightweight fills and  surface  mattresses 
and  stone  column  as  a  method  construction.  While  for 
depth  more  than  10m  the  suitable  method  was  deep 
stabilization techniques (i.e. piling, dynamic compaction, 
etc.).  
So, it is important to engineers to learn the behaviour 
of peat soil and to know how to tackle the problems or 
obstruction  that  arises  during  the  construction  in  peat. 
The study on the effect of the load to the behaviour of 
peat soil has been conducted in the physical model. The 
challenges faced will be discussed in this study. 
 
2.  Project Details 
  A large box with internal dimensions of 200 cm in 
length,  50  cm  in  width  and  90  cm  in  height,  with  a 
transparent  Perspex  plate  as  wall  was  used  to  monitor 
settlement during the test. Plastic sheets were glued on all 
the  surfaces  of  the  Perspex  plates  that  formed  as  the 
model wall, so as to reduce the friction effect between 
soil and the wall. Gridlines papers were installed on the 
outer side of the box as an indicator. The layers of sand in 
peat soil also acted as an indicator. Sand has also been 
added between peat and water which acts as a filter. The 
model termed as Plane Strain Study (PSS) model was as 
illustrated in Fig. 1.  
  The peat sample used was collected from MARDI – 
Integrated  Peat  Research  Station  (MARDI-IPRS), 
Pontian, Johor. The disturbed sample  was taken at less 
than 0.5 m depth due to the high water table. Large fibre 
content such as wood in the peat soil was removed and 
peat that passes the sieve (viz metal mesh with size 25 
mm x 8 mm) has been used as a foundation in this study. 
The test set up consisted of a peat layer resting inside the 
box  with  the  sand  as  an  indicator.  Two  types  of 
instruments were selected in identifying the settlements 
and  stresses  in  peat  are  displacement  transducers  (DT) 
and soil pressure gauges (SPG).  These instruments were 
connected  to  a  data  logger  UCAM-20PC  (USB  –  21A 
Scanner) to collect the data.  
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Fig. 1 Design for Plane Strain Study (PSS). 
  Pre-model study (PMS) have been conducted before 
implementing it to plane strain study (PSS). This PMS is 
to identify suitable material to be used as an indicator for 
the settlement measurements. Two types of materials that 
suggested were polystyrene and sand. A small box model 
with dimensions of 35 cm in length, 2 cm in width and 35 
cm in height was used with layers of sand as an indicator 
as  shown  in  Fig.  2.  After  the  test,  for  peat  soil,  the 
suitable material used as an indicator was sand because of 








Fig. 2 Design for Pre – Model Study (PMS). 
  The main feature in this study is a large model box in 
which  any  deformation  can  be  seen  clearly  from  the 
perspex wall with gridlines papers and sand attached to 
the box. The 800,000 cm
3 volume of peat was placed in 
the large box with the indicator of sand (passing 1.18 mm 
mesh sieve with 3mm thickness). The gap between the 
sand layers was 6cm. The constant static loads with the 
increment of 2 have been applied to the surface of the 
peat (1.25 kg, 2.5 kg, 5 kg, 10 kg, 20 kg, 40 kg and 80 kg). 
An  embankment,  which  is  represented  by  a  plate  size 
50cm x 25cm x 0.5cm, is placed on the soil surface to 
support the loads. The data were collected for 24 hours 
before a new load was applied. 
 
3.  Challenges 
  The utilization of peat land in Malaysia is quite low 
although the construction of this type of soil has become 
increasingly  necessary  for  economic  reasons  and  to 
support  the  increasing  of  population  in  Malaysia. 
Engineers are reluctant to construct roads or buildings on 
peat  because  of  difficulties  to  access  the  site  and  the 
challenges  in  the  management  of  the  engineering 
properties of peat. Furthermore, the construction of roads 
or  buildings  on  peat  soil  will  involve  the  higher  costs. 
This  paper  briefly  explained  the  challenges  faced  in 
conducting  the  instrumented  physical  model  study  of 
peat.   
 
3.1 Peat and Challenges 
  A  few  aspects  that  needs  to  be  considered  before 
constructing the physical models that might occurs relates 
to  the  peat  characteristics,  peat  sampling  and  sample 
preparation. 
 
3.1.1 Peat Properties 
  Peat  is  a  mixture  of  fragmented  organic  materials 
formed  in  wetlands  under  appropriate  climatic  and 
topographic conditions and it is derived from vegetation 
that has been chemically changed and fossilized [9]. Peat 
consists  of  water  and  decomposed  plant  fragment  with 
virtually no measurable strength in its natural state [10]. 
Peat is accumulated if the rate of decay is slower than the 
rate of addition [11]. The characteristics and behaviour of 
peat soil itself give a big challenge. Peat is considered as 
problematic soil due to its engineering characteristic that 
makes it unable the construction of a building or road in 
its natural state. The high compressibility and low shear 
strength  often  result  in  difficulties  for  the  construction 
works.  Peat  was  characterized  as  highly  deformable 
because of the insufficient bearing capacity. This causes 
the stability problems and load applied is limited.  
  Peat  shows  unique  geotechnical  properties  in 
comparison with those of inorganic soils such as clay and 
sandy soils which are made up of only soil particles. The 
water content is 765.2%. This high water content results 
in high buoyancy and  high pore volume leading to the 
low  bulk  density  and  low  bearing  capacity  [12].    The 
specific gravity of MARDI-IPRS is 1.6. The low specific 
gravity is caused by low mineral content in peat.  The 
organic content is 93.06%. The unit weight of the peat is 
9.8kN/m
3 and it is equal or slightly lower than the unit 
weight of water and is lower compared to the inorganic 
soils.    The  texture  of  fibrous  peat  is  coarser  compared 
with clay. 
  The  soil  fabric  which  is  characterized  by  organic 
coarse  particles  holds  considerable  amount  of  water 
because it is generally very loose and the organic particle 
itself is hollow and largely full of water. A typical peat 
soil  in  West  Malaysia  is  acidic  with  high  organic  and 
fibre contents. Peat low pH values, often in the range of 
pH 4 to 7 [13].  For this location, the pH is 3.42. The 
acidity of peat tends to decrease with depth. The MARDI-
IPRS can be categorized as hemic peat (H5). The degree 
of  humification  is  reduced  to  3  different  major  groups  
 
 
which are fibrous peat (H1 to H3), hemic peat (H4 to H6) 
and sepric peat (H7 –H10) [14]. 
 
3.1.2 Peat Sampling and Preparation 
  The sampling of peat soil gave the challenges. The 
sampling of hemic and fibrous peats using conventional 
undisturbed samplers was difficult. The difficulties were 
due to the high percentage of water content (>200%) and 
the fibrous/ spongy layers (>50% fibre) that makes the 
sample difficult to be cut without causing compression, 
particularly if using a tube sampler. The peat soil needs to 
carefully  handle  especially  during  the  sampling  and 
sample  preparation.  In  this  study,  the  disturbed  sample 
was used. The undisturbed sample was collected in the 
early  study  in  order  to  identify  the  soil  profile  (the 
thickness  of  peat  in  MARDI-IPRS  is  3.8m).  The  huge 
volume  of  peat  soil  was  collected  and  keeps  it  in  the 
storage boxes. To obtain the uniform size of samples, the 
samples were sieved. This process needs to be done in a 
short time. Since the huge volume of peat soil has been 
used in this study, this process has taken a long time. It 
was almost impossible to maintain the moisture content 
once  the  sample  was  collected  from  the  site.  The 
difference  in  moisture  content  can  be  reduced  by 
maintaining the water level in peat soil. 
 
3.2 Design Stage 
  Peat is subject to the problems of instability such 
as  local  sinking,  development  of  slip  failure,  and 
subjected to large primary and long term settlement under 
an even a moderate increase in load. It was important to 
identify  a  suitable  material  to  indicate  the  deformation 
pattern in peat soil, the appropriate instrumentations for 
checking any deformation behaviour and the compatible 
load during the design stage. 
 
3.2.1 Indicator 
  This section presents a suitable material to indicate 
the  deformation  patterns  in  peat.  The  PMS  has  been 
conducted  using  the  material  such  as  polystyrene  and 
sands as an indicator in a box with a size 35cm x 2cm x 
35cm before implementing it into the PSS. The indicator 
layers (polystyrene or sand) were placed in a straight line 
as  shown  in  Fig.  2.  After  completing  the  test,  the 
deformation pattern can be seen clearly as shown in Fig. 
3.  The  tests  were  repeated  for  several  times  using  the 
different  sizes  of  polystyrene  and  sand.  Since  the 
selection  was  made  based  on  the  lightweight  and 
visibility, sand has been chosen as an indicator. Simple 
tests  were  conducted to identify  the compatible size of 
sand. The results show that sand passing sieve 1.18 mm 
with  thickness  approximate  to  4mm  was  clearly  seen 
especially in the photo. The comparison of the suitability 
of polystyrene and sand is as shown in Table 1. 
 
 
Table 1: Indicator. 
Indicator for Peat       
Remarks 







For  sand,  put  a  small 
portion  of  sand,  as  a  line 
near to the wall of the box 
(not  covering  the  whole 
surface).  This  can  help  in 
reducing the weight of the 
sand  and  to  avoid  it  from 
acting  as  reinforcement. 
The  result  is  the 
polystyrene was mixed into 
the peat and it disappeared.  




polystyrene.   
The  visibility  of  sand  is 
better  compared  to 
polystyrene.  Sand  layer 
clearly  arises  in  a  straight 
line.  A  piece  of  the 
polystyrene  can  be 
distributed  to  other  places 






Both  absorbed  water.  The 
colour  of  the  polystyrene 
changed  when  it  is  in  the 
peat soil and this decreases 
the level of visibility. Same 
condition  happened  to  the 
sand. However the sand is 
able to show a visible line 
to observe.  
Sand (passing sieve 1.18 mm with thickness ± 4 mm) 
was used as an indicator in the PSS. 
 
3.2.2 Instrumentations 
  Engineer Manual published by the US Army Corps 
of Engineers [15] described the details of instrumentation 
Polystyrene 10 mm 
Sand 
Polystyrene 5 mm 
Fig. 3 Comparison between Polystyrene and Sand.  
 
concept, objectives and system design consideration.  A 
study was conducted regarding this manual. Reliability is 
the  most  desirable  feature  in  the  selection  types  of 
monitoring instruments.  
  The  instrumentations  can  provide  the  quantitative 
data  to  assess  the  deformation,  stress,  leakage, 
temperature  and  pore  water  pressure.  The  objective  of 
using  instruments  in  this  study  is  to  predict  the 
performance  of  peat  behaviour  in  terms  of  settlements 
and stresses.  
  For the physical model test, the numbers, types and 
locations of instruments were determined effectively by 
conducting a small scale study (pre-model study) before 
implementing it to the real study (plane strain study). The 
area of sensitivity and site weakness were identified.  In 
addition, the hypothesis regarding the effect of loading to 
the settlements and the stress behaviour of peat soil for 
various  conditions  have  been  listed.  Hence,  the 
instrumentations  that  were  required  to  monitor  the 
settlements and stresses were Displacement Transducers 
(DT) and Soil Pressure Gauges (SPG). 
  The instrumentations can provide the useful data for 
determining  the  behaviour  of  the  foundation  either 
behaving  in  accordance  with  engineering  prediction  or 
not.  Before  conducting  the  testing,  the  geotechnical 
questions that are likely to arise during the design stage 
and construction stage; the initial conditions, performance 
during construction and the results obtained were listed. 
The calibration was conducted to instruments to maintain 
the  instrument's  accuracy.  This  is  the  important  in  the 
process  in  providing  the  result  within  an  acceptable 
range.  The  behaviour  of  the  site  needs  to  measured 
settlements and stresses, so that the suitable location can 
be ascertained. This location should be suitable with the 
geotechnical concerns and the method of analyzing the 
data.  The  location  of  instrumentations  was  determined 
based on the predicted behaviour of the site. The critical 
point  to  place  the  DT  was  selected  based  on  the 
deformation pattern that occurs in the peat. This Engineer 
Manual highlighted a practical approach in selecting the 
instrument  locations.  By  following  this  manual,  a  few 
important things need to be considered such as: 
(a) Identified  the  critical  location  that  particular 
concern such as structurally weak areas that 
are more heavily loaded, and  
(b)  Installed  the  additional  instrument  at  other 
potentially  critical  secondary  location  as  a 
comparison. 
  This  is  important  because  the  data  of  adequate 





  The  model  ground  was  allowed  to  consolidate  by 
enhanced self-weight to minimize soil disturbance effect 
that  might  be  induced  during  the  model  ground 
preparation.  The increasing loads were placed above the 
peat  surface  until  the  peat  shows  deformation  patterns. 
Suitable load needs to identify and the load with the stress 
increments 2 were used by conducting the PMS. In this 
PMS,  suitable  plates  have  been  chosen  based  on  the 
deformation pattern. 
 
3.3 Construction Stage 
  During  the  construction  stage  it  is  important  to 
construct the peat soil and the layer of indicator properly. 
This indicator might distribute or accumulated with the 
peat soil. Hence, the peat was laid evenly with a thickness 
of 80 cm manually in the middle of the box. So, this peat 
soil will flow to the left and right. Then, level the surface 
of peat soil without press it. The sand was placed in as a 
line  near  the  wall  without  covering  the  whole  surface.  
This  sample  was  then  left  overnight.  Based  on  the 
laboratory  model  on  peat  that  has  been  conducted  by 
Chan et al. [16], the purpose of leaving the peat overnight 
was to allow uniform redistribution of moisture within the 
soil  mass  after  the  disturbing  it  during  the  sampling 
process. 
 
3.4 Maintenance Stage 
  Before  conducting  this  physical  model  study,  it  is 
important to identify the condition of the equipments used 
in this study and  maintenance the box by checking the 
connection between the instruments and the box to make 
sure  that  water  do  not  flow  out  through  this  all 
connection.  The  instruments  need  to  calibrate  before 
install it to the box. The connection of instruments to the 
data logger also needs to be checked. 
 
4.  Results 
  The  physical  model  study  of  sand  has  been 
conducted as a comparison to the physical model study of 
peat.  Fig. 4 shows the settlement that occurs at a critical 
point which is the load applied directly on this point. The 
settlement  of  peat  (PT)  is  83.59mm  and  it  is  higher 
compared with sand (5.58mm). The load was increased 
after  24  hours.  The  settlement  increases  in  magnitude 
with an increase in load, although it is not linear [17]. The 
factors that contributed to settlements were including the 
geotechnical characteristics of peat, the thickness of peat 
deposit and the history of loading on peat.  
  The distance of peat to the load also influenced the 
magnitude of settlement. In this study the displacement 
transducers (DT) have been placed in different locations. 
The results obtained as shown in Fig. 5. DT 4 was located 
above the plate (centre), DT 1 is 18 cm from the centre 




Fig. 4 Settlement vs. Time at DT4. 
 
Fig. 5 Dry sand vs. Peat. 
  The deformation pattern of peat soil was as shown in 
Fig.  6.  Hence,  it  can  be  conclude  that  punching  shear 
occurred  when  high  load  applied  on  peat  soil.  Failures 
take place immediately below the plate, while soil at a 
distance of 40 cm from the centre remains unaffected. 
 
Fig. 6 Deformation Pattern for Peat. 
 
5.  Conclusions 
  This study has been conducted using the hemic peat 
soil from MARDI-IPRS in Research Center for Soft Soil 
(RECESS), UTHM. The objective of this study  was to 
investigate and analyse the deformation behaviour of the 
peat  soil  based  on  physical  models  and  to  critically 
compare  and  analyse  the  peat  behaviour  with  sand.  It 
shows that it is difficult to construct the physical model 
using  peat  compared  to  sand.  Punching  shear  failure 
occurred in peat while in sand the general shear failure 
was observed. 
  The suitable indicator was found to be suitable for 
observation of settlement in peat was sand. The gridlines 
help  in  identifying  the  pattern  of  settlement.  The 
challenges  in  this  study  can  be  categorized  into  the  
challenges associated with peat characteristics, challenges 
during  the  design  stage,  the  construction  stage  and  the 
maintenance stage. 
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